Background: Nutritional deficits, cachexia, and sarcopenia are extremely common in esophageal cancer. The aim of this article was to assess the effect of loss of skeletal muscle mass during neoadjuvant treatment on the prognosis of esophageal cancer patients. Methods: Esophageal cancer patients (N = 115) undergoing neoadjuvant therapy and surgery between 2010 and 2014 were identified from our surgery database and retrospectively analyzed. Computed tomography imaging of the total cross-sectional muscle tissue measured at the third lumbar level defined the skeletal muscle index, which defined sarcopenia (SMI < 52.4 cm2/m2 for men and < 38.5 cm2/m2 for women). Images were collected before and after neoadjuvant treatments. Results: Sarcopenia in preoperative imaging was prevalent in 92 patients (80%). Median overall survival was 900 days (interquartile range 334-1447) with no difference between sarcopenic (median = 900) and non-sarcopenic (median = 914) groups (p = 0.872). Complication rates did not differ (26.1% vs 32.6%, p = 0.725). A 2.98% decrease in skeletal muscle index during neoadjuvant treatment correlated with poor 2-year survival (log-rank p = 0.04). Conclusion: Loss of skeletal muscle tissue during neoadjuvant treatment correlates with worse overall survival.
Background
Esophageal cancer (EC) is intimately related to weight changes and poor nutritional status, since the most common symptoms of EC are dysphagia and weight loss [1] . In locally advanced EC, baseline nutritional status has been linked to survival after definitive chemoradiotherapy [2] . Preoperative weight loss has also been linked to worse outcomes [3] . A high body mass index (BMI) has not been found to have a significant effect on survival in EC [4, 5] .
In the recent years, there has been an increasing amount of studies on frailty and especially sarcopenia as prognostic factors in cancers. Sarcopenia is defined as the progressive loss of muscle related to aging or disease [6] . Sarcopenia has been associated with worse outcomes in many types of cancers such as hepatocellular carcinoma, colorectal cancer, and small cell lung cancer [7] [8] [9] . For esophageal and gastroesophageal junction cancers, there are conflicting reports. Worse long-term outcomes have been reported in resected esophageal or gastroesophageal junctional cancers [10] [11] [12] . Sarcopenia has been linked to increased pulmonary and other complication rates [13, 14] . Decreased skeletal muscle area during neoadjuvant therapy has also been associated with poorer outcomes and risk of positive clinical resection margin [15, 16] . There are also reports of sarcopenia not being an independent prognostic risk factor for mortality, morbidity, or poor outcomes in EC after neoadjuvant chemoradiotherapy or chemotherapy [14, [17] [18] [19] . One study found a significant correlation with lean psoas mass and survival in patients not undergoing neoadjuvant treatment, but no such effect on patients receiving neoadjuvant treatment [20] .
The aim of this trial was to assess the effect of sarcopenia and loss of skeletal muscle index during neoadjuvant treatments in patients undergoing esophagectomy for EC. The primary end-point is overall survival, and secondary end points are recurrence-free survival and complication rates.
Methods

Patients
Patients who underwent surgical resection and neoadjuvant therapy for EC between 2010 and 2014 were identified in retrospect from our surgery database using type of surgery and diagnosis of esophageal or junctional cancer as identifiers (N = 118). Patients who had no eligible imaging for analysis of the skeletal muscle index were excluded (N = 3), leaving 115 patients. Collected data included patient characteristics, weight, and weight-loss data before and during the treatment and follow up, primary tumor characteristics and staging, specifics of neoadjuvant, endoscopic, surgical and adjuvant treatments, post-operative and long-term complications, and overall survival. Weight loss here is defined as unintentional deviation from healthy weight (weight 6 months before diagnosis). Complications were collected as recommended by an international consensus statement [21] . 30-and 90-day overall survival rates and 2-year overall survival and recurrence-free survival rates were also collected.
CT (computed tomography) scans were collected from time of initial staging, post-neodjuvant, 6-, and 18-month follow-up visits. CT scans were excluded if there was impaired visibility at third lumbar vertebra or over 1 month of time interval between the CT scan and associated event (start of neoadjuvant therapy, operation, 6-month follow-up visit, or 18-month follow-up visit).
Preoperative staging
All patients underwent gastroscopies with biopsies that confirmed the diagnosis of EC. All patients underwent CT scans of the thorax, abdomen, and pelvis and a routine total body PET-CT scan. Endoscopic ultrasound was done unless prevented by tumor obstruction or stent insertion and assessed the invasion depth of the tumor and identified regional enlarged lymph nodes. PET/CT scans were routinely repeated after neoadjuvant treatments for preoperative planning and to assess the radiologic response of the tumor.
Neoadjuvant treatment protocols
Treatment strategies were discussed and decided together with oncologists. Patients with nodal disease spread (cN+) or transmural tumor invasion (cT ≥ 3) underwent neoadjuvant treatment, unless contraindicated. Neoadjuvant therapy was epirubicin-oxaliplatin-capecitabine neoadjuvant chemotherapy as per MAGIC (Medical Research Council Adjuvant Gastric Infusional Chemotherapy) protocol for esophageal adenocarcinoma [22] . Squamous cell carcinoma was treated with neoadjuvant chemoradiotherapy consisting of 2 cycles of platin-and 5-fluorouracil-based therapy over 5-6 weeks. Chemosensitization was followed by a 45 Gy total dose of radiation to the tumor and regional nodes, in 1.8 Gy daily fraction.
Preoperative endoscopic procedures
Endoscopic mucosal resection (EMR) with or without radiofrequency ablation (RFA) was discussed as an option for patients with mucosal tumors or high-grade dysplasia. The initial decision whether to proceed with endoscopic treatments or to do an esophagectomy was a shared decision between the surgeon and the patient. If endoscopic mucosal resection showed submucosal spread or there was cancer recurrence, treatment proceeded to esophagectomy. One patient included in this 
Surgical treatment and follow-up
Surgical techniques included minimally invasive esophagectomy, hybrid minimally invasive esophagectomy with either laparoscopy or video-assisted thoracoscopic surgery, Ivor-Lewis esophagectomy, 3-part esophagectomy, and transhiatal esophagectomy. These techniques are described elsewhere [23] . Post-operative stage of the tumor was reported according to eighth edition AJCC/ IAUC staging [24] . Amount of positive lymph nodes and total lymph node count was recorded.
Patients were followed until death or January 2017, yielding a follow-up period of at least 24 months. Patients were met at an outpatient clinic 1 month after surgery to assess the recovery from surgery. Gastroscopies were done every 6 months for 2 years after surgery and annually for up to 5 years. CT scans were taken 6 months after surgery, 18 months after surgery, and annually up to 5 years.
All the treatments discussed here are standard approaches in our institution.
Measurement of muscle parameters and sarcopenia definition
Scans were coded in order to blind the researcher from outcome. Images were imported to Osirix® Version 3.3 (cm2) was divided by the square of height (m2), which produced the skeletal muscle index (SMI). This method is suggested as the preferred method of measuring the muscle mass of cancer patients [25] . SMI limit for sarcopenia was < 52.4 cm2/m2 for men and < 38.5 cm2/m2 for women, based on a previous study by Prado et al. [26] For the survival and complication analyses, the preoperative SMI values were used, unless stated otherwise. The process of delineating the abdominal muscle mass is shown in Fig. 1 . Continuous parameters were tested for normality using Shapiro-Wilk's test and deemed normally distributed if p > 0.05. Normal continuous data is presented as mean and standard deviation (SD) whereas non-normal data is described with median and interquartile range (IQR). For comparing normal scalar variables between two groups, independent samples Student's t test was used and for non-normal variables Mann-Whitney U test was used. The 2-tailed χ 2 test served for categorical variables. Kaplan-Meier survival analysis and log-rank test demonstrated the possible difference of survival between groups.
Statistical analysis
Results
Baseline characteristics of the study population are displayed in Table 1 . Included patients numbered 115, of which sarcopenia was found in 92 (80%). Median overall survival was 900 days (interquartile range 334-1447). Patients with and without preoperative sarcopenia are compared in Table 1 . The sarcopenic patients were statistically significantly older, taller, weighed less, and had smaller prevalence of current smokers.
The progression of mean weight-and body compositionrelated parameters during neoadjuvant treatments and follow-up is displayed in Fig. 2 . Ninety-one (79.1%) patients had sarcopenia before neoadjuvant treatments, 92 (80%) were sarcopenic before esophagectomy, 82 of 99 (82.8%) a b Fig. 3 a Shows the 2-year Kaplan-Meier survival curve for the sarcopenic and non-sarcopenic groups and b shows the 2-year recurrence-free survival curves for these groups were sarcopenic 6 months post-operatively, and 67 of 78 (85.9%) 18 months post-operatively. Table 2 shows the relevant complication rates and Clavien-Dindo scores of patients. The amount of intraoperative bleeding and length of initial intensive care unit stay are also displayed. There was no statistically significant difference between the sarcopenic or nonsarcopenic groups in any complication groups. An additional table shows a more exhaustive table of complication rates [see Additional file 1].
There was no statistical difference in 2-year overall survival or recurrence-free survival between the preoperative sarcopenic and non-sarcopenic groups (p = 0.74 and p = 0.64, respectively). The Kaplan-Meier curves are shown in Fig. 3a, b . Neither preneoadjuvant SMI nor preoperative SMI had an effect on OS (p = 0.6023 and p = 0.3843) or RFS (p = 0.3241 and p = 0.9273).
Patients were divided into groups based on the change between preneoadjuvant measurement and preoperative measurement of SMI. Median percentual change of SMI (− 2.98%) was used as the cut-off value, as has been done in a previous study [15] . The baseline characteristics are displayed in Table 3 . The group with more muscle loss had more preoperative stents inserted (p = 0.037). SMI change below the median correlated with 2-year overall survival (p = 0.022) but not 2-year RFS (p = 0.11), as shown in Fig. 4a-b . The change of SMI during neoadjuvant treatments was significantly different between 2-year survivors and non-survivors with mean changes of − 0.69 and − 6.20%, respectively (p = 0.01259). Finally, a multivariate Cox regression analysis was done using the backwards elimination method with a p value limit of 0.2. The model constructed is shown in Table 4 . The model showed that the patients who had percentual SMI change over the median (− 2.98%) had better survival than those whose SMI had decreased more (p = 0.049; HR − 0.609; HR 95% CI 0.297-0.997). No other covariates reached significance (N stage, T stage, or CCI). There was 11.75 events per variable (47 events, 4 variables), which is over the suggested limit of 10 (Table 4 ) [27] .
Discussion
Our findings suggest that loss of skeletal muscle mass during neoadjuvant treatment of EC is a marker of poor prognosis. Sarcopenia itself was not correlated with poorer oncological outcomes; however, its prevalence is high in this population and increases post-esophagectomy.
The amount of skeletal muscle lost during neoadjuvant treatment seems to predict a poorer prognosis. A median cut-off of − 2.98% produced significantly different 2-year overall survival rates as seen in Fig. 4a . To the authors' best knowledge, this finding has not been previously reported in published literature, although similar findings have been reported in squamous cell carcinoma patients [15] . A previous study failed to show this correlation, but concluded that the amount of skeletal muscle lost during neoadjuvant therapy differed significantly between survivors and non-survivors, which was confirmed by our study [16] . Skeletal muscle wasting post-operatively has been associated with worse outcomes in thoracic esophageal cancer [28] . a b Fig. 4 Kaplan-Meier survival analyses of the patients divided into groups by skeletal muscle index change by cut-off of − 5%. a Shows the 2-year overall survival rates between the groups and b shows the 2-year recurrence free survival The progression of sarcopenia is not stopped by resection of the tumor according to our data as shown in Fig. 2 . The prevalence of sarcopenia increases with time in follow-up. Similar findings have been reported in the literature [14] . Esophagectomy seems to affect the body composition of many patients. An interventional randomized study did not see statistically significant change in the weight of patients' post-esophagectomy at 7 days, regardless of the method of nutritional support [29] . A previous study has shown that malnutrition and weight loss is common even years after EC surgery [30] . Whether this change in body mass post-esophagectomy contributes to the morbidity or mortality of operatively treated EC patients is unknown.
Sarcopenia was not correlated with worse overall survival or recurrence-free survival in our study. This finding contradicts many previous studies and is supported by some previous studies [10] [11] [12] [13] [14] [15] [16] [17] [18] . Complication rates in any of the complication subgroups did not differ significantly between sarcopenic and non-sarcopenic groups. There was a statistically non-significant increase in operative bleeding with sarcopenic patients.
Our study has a number of limitations. The study is retrospective in nature without randomization. This increases the risk for systemic errors and selection bias. The number of patients included in the study is of adequate size taking into account the incidence of this disease, but statistical power is of concern especially in regard to complication rates and specific complication where the number of events is low or non-existent.
Conclusions
In conclusion, our study found an interesting correlation between the loss of skeletal muscle during neoadjuvant treatment and worse oncological outcomes in surgically treated EC patients. This finding should guide further investigation into the interventions for nutritional support in esophageal cancer and into the significance of indirect measurements of body composition in the prognosis of EC patients. 
